Development and homeostasis require repeated symmetric cell divisions, which in turn depend on a centered mitotic spindle. In this issue, Kiyomitsu and Cheeseman uncover two mechanisms that ensure correct spindle positioning in anaphase: cortical dynein for pulling the spindle to the cell center and asymmetric membrane elongation that adjusts the position of the cell center to the cleavage plane.
Development and homeostasis require repeated symmetric cell divisions, which in turn depend on a centered mitotic spindle. In this issue, Kiyomitsu and Cheeseman uncover two mechanisms that ensure correct spindle positioning in anaphase: cortical dynein for pulling the spindle to the cell center and asymmetric membrane elongation that adjusts the position of the cell center to the cleavage plane.
A prerogative for cell division is the tight coordination between chromosome segregation and cytokinesis. To achieve this, animal cells use the center of the mitotic spindle to specify the location for ingression of the cytokinetic cleavage furrow during anaphase (Green et al., 2012) . Thus, the position of the mitotic spindle determines the relative size of daughter cells. Spindle positioning and orientation have been extensively studied in the context of asymmetric divisions that can give rise to daughter cells of different size and with distinct developmental potential (Gö nczy, 2008; Neumü ller and Knoblich, 2009) . Surprisingly, much less is known about how equal daughter cell size is achieved during symmetric divisions. In this issue of Cell, Kiyomitsu and Cheeseman identify two very different mechanisms that cooperate to center the mitotic spindle in order to secure the birth of two equal-sized daughter cells (Kiyomitsu and Cheeseman, 2013) . One mechanism uses the cortical motor dynein to pull the mitotic spindle in position while the other redraws cellular boundaries by altering plasma membrane shape.
As cells prepare for division, a network of microtubules creates the mitotic spindle, a bipolar structure that captures and aligns chromosomes on the metaphase plate. The poles of this network also radiate astral microtubules that grow toward the nearby cell cortex thereby defining the poles. By interacting with the motor protein dynein at the cell cortex, astral microtubules play an important role in determining the position of the mitotic spindle (Collins et al., 2012; Kotak et al., 2012) . This ultimately dictates the division symmetry because the cleavage plane bisects the center of the elongating spindle as sister chromatids separate. Correct positioning of the mitotic spindle involves the dynamic assembly of dynein-dynactin complexes at the polar cell cortex. These complexes exert pulling forces on the spindle through their microtubule minus-end-directed motor activity on astral microtubules. Dynein is recruited to the cortex by binding to its partner NuMA, which in turn interacts with a complex comprised of the membrane-bound G protein Gai and the protein LGN (Woodard et al., 2010) .
Earlier work from Kiyomitsu and Cheeseman focused on the mechanisms controlling spindle positioning during metaphase (Kiyomitsu and Cheeseman, 2012) . They identified a spindle-polederived signal involving the mitotic kinase Plk1 that destabilizes the interaction of the dynein-dynactin complex with its upstream cortical anchor Gai/LGN/NuMA. This leads to a polarized distribution of cortical dynein with a peak concentration of the motor protein at the spindle pole further from the cell periphery. The net result of this regulation is that the metaphase plate is pulled toward the cell center. Second, the lateral enrichment of NuMA and LGN is itself controlled by a Ran-GTP signal that emanates from chromosomes and reduces the affinity of NuMA/LGN with the cell cortex at the cell equator. These intrinsic forces, working along extrinsic forces (Fink et al., 2011), are thought to play a central role in positioning the mitotic spindle and metaphase plate at the center of a dividing cell.
In the present study, Kiyomitsu and Cheeseman take a closer look at the processes underlying spindle positioning during anaphase, the critical time when the cytoplasm of a mother cell is partitioned (Kiyomitsu and Cheeseman, 2013) . Although depletion of LGN resulted in the expected loss of dynein from the cell periphery during metaphase, dyneindynactin and NuMA became enriched at the polar cortex during anaphase and cells divided into equal-sized daughters. This suggested that a Gai-LGN-independent mechanism for cortical dynein recruitment is at play specifically after anaphase onset. Biochemical experiments subsequently identified the band 4.1 proteins 4.1G and 4.1R as anaphase-specific cortical anchors for NuMA and dynein. Band 4.1 proteins were first described as components of the membrane-associated actin cytoskeleton in erythrocytes. The discovery of a second mechanism for cortical dynein recruitment now provided a unique opportunity to investigate the requirement for dynein in spindle positioning during anaphase. Experiments addressing this had thus far been hampered by the essential roles of dynein and NuMA in chromosome movement and spindle formation. Codepletion of 4.1 R/G proteins and LGN, but not depletion of 4.1 R/G or LGN alone, abrogated the cortical localization of NuMA and dynein during anaphase. Strikingly, codepletion of LGN and 4.1 R/G resulted in the off-center placement of the mitotic anaphase spindle followed by an asymmetric division that gave rise to two daughter cells of different size. These defects could be rescued by expression of a membrane-tethered fragment of 4.1G that recruited NuMA and dynein back to the cell cortex. These results demonstrate that the cortical localization of NuMA and dynein at anaphase is redundantly controlled by LGN and 4.1R/ G proteins. Moreover, they strongly suggest that dyneinbased cortical pulling forces contribute to anaphase spindle centering to ensure daughter cell size symmetry (Figure 1) . Tracking of daughter cells emerging from an LGN and 4.1-deficient division revealed that smaller daughters exhibited a delay in entering the next division and were prone to undergo an apoptosis-like cell death. Thus, acute changes in the cytoplasm to DNA ratio could have a negative impact on the proliferative capacity of cells.
The meticulous analysis of cellular dynamics by the authors led to an unexpected finding regarding the mechanism of spindle positioning during cell division. During early anaphase, the mitotic spindle was repositioned within the cell by dyneinbased cortical pulling forces (Figure 1 , early anaphase mechanism), presumably by spatial mechanisms similar to the ones described above for metaphase. However, if spindles remained misaligned at the beginning of cytokinesis, an additional fail-safe mechanism springs into action. Asymmetric elongation of the plasma membrane is observed on the cell pole closest to the chromosomespindle structure, while the other side remained stationary (Figure 1 , late anaphase mechanism). This phenomenon effectively redraws the boundaries of the cell around the mitotic spindle and results in a repositioning of the cleavage plane near the cell center. Although conceptually different, both modes of mitotic spindle centering share a requirement for cortical dynein: the former mode for pulling the spindle apparatus toward one pole, the latter for anchoring of the spindle to the stationary cortex.
Although the exact molecular mechanisms underlying the remarkable sculpting of the cell boundary around the mitotic spindle at anaphase are yet to be uncovered, the authors make several key observations. In HeLa cells, but not in retinal pigment epithelial cells, membrane blebs formed at the elongating pole. The proximity of chromatin, but not of microtubules or spindle poles, was found to locally displace cortical actomyosin regulators in a Ran-GTP-dependent manner. This could lead to reduced cortical stiffness and membrane elongation.
Given the short range nature of Ran-GTP signals, it will be interesting to determine how the spindle centering mechanisms discovered here in small somatic cells are implemented in larger cells, such as embryonic blastomeres. During cytokinesis, polar blebs can act as pressure valves that stabilize the equatorial position of the cleavage furrow (Sedzinski et al., 2011) . This raises the question of whether they are functionally and mechanistically related to the asymmetric membrane elongation. It is also tempting to speculate that the processes centering the mitotic spindle may be connected to the somewhat elusive phenomenon of polar relaxation (Green et al., 2012) that helps to restrict cortical contractility to the equator during cytokinesis.
The work by Kiyomitsu and Cheeseman has advanced our understanding of how symmetric divisions are executed. The mechanisms discussed here may serve to describe a default state that is modified during asymmetric divisions in a developmentally controlled manner (Gö nczy, 2008; Neumü ller and Knoblich, 2009 ). In the future, it will be exciting to test the importance of daughter cell size symmetry in the context of a whole organism and the physiological consequences of derailing it.
Figure 1. Mechanisms Controlling Spindle Positioning during Anaphase
During early anaphase, NuMA and dynein are enriched at the distal polar cortex by redundantly interacting with LGN/Gai and band 4.1 family proteins. Dynein-mediated pulling forces help center the mitotic spindle within the cell (early anaphase mechanism). When misaligned spindles persist in late anaphase, a chromosome-derived Ran-GTP gradient causes asymmetric membrane elongation (late anaphase mechanism), possibly by destabilizing cortical actomyosin regulators. This aligns the cell center with the cleavage plane and allows cytokinesis to subsequently generate two equally sized daughter cells. Fink, J., Carpi, N., Betz, T., Bé tard, A., Chebah, M.,Metabolic imbalances accompany the aging process in many organisms, and signaling mechanisms that allay or prevent these imbalances can extend lifespan. Two recent studies by Auwerx and colleagues, including one in this issue, identify a conserved signaling network centered on mitochondrial stress responses that promotes longevity in response to changes in mitochondrial translation and NAD + metabolism.
Aging is characterized by a progressive decline in metabolic homeostasis. A comprehensive insight into cellular processes that respond to metabolic imbalances will be useful in identifying new avenues for therapeutic intervention against age-related diseases. Mitochondria play a central role in such processes, as they are the hubs of metabolic activity in eukaryotic cells and significantly influence the intracellular energy balance and redox milieu. The function of mitochondria as sensors of metabolic imbalances and as mediators of specific cellular stress responses that can impact longevity has recently garnered increased attention. Mitochondrial dysfunction has long been implicated in aging, primarily as a source of metabolic stress and of reactive oxygen species (ROS; Balaban et al., 2005) . However, recent work in C. elegans has shown that specific stress responses initiated by mitochondria that experience functional impairments can extend lifespan. These stress responses include both the mitochondrial unfolded protein response (UPR mt ; Durieux et al., 2011) and mitochondrial ROSinduced defense pathways (mitohormesis response; Lee et al., 2010; Schulz et al., 2007) . In a recent genetic tour-de-force, Auwerx and colleagues have identified mutations in mitochondrial ribosomal proteins (MRPs) as evolutionarily conserved regulators of lifespan (Houtkooper et al., 2013) . Genetic variants of MRPS5 expression in mice significantly correlate with increased longevity, whereas MRP knockdown in C. elegans can extend lifespan. These phenotypes are associated with ''mitonuclear imbalance,'' an imbalance between the expression of nuclearand mitochondrially encoded mitochondrial proteins. 
